WHAT'S KNOWN ON THIS SUBJECT: Juvenile-onset fibromyalgia (JFM) is a poorly understood chronic pain condition, typically identified in adolescence and accompanied by physical and social impairment and mood difficulties. There are no long-term studies on the prognosis of adolescents with JFM into adulthood.
RESULTS:
Patients with JFM had significantly higher pain (P , .001), poorer physical function (P , .001), greater anxiety (P , .001) and depressive symptoms (P , .001), and more medical visits (P , .001) than control subjects. The majority (.80%) of JFM patients continued to experience fibromyalgia symptoms into early adulthood, and 51.1% of the JFM sample met American College of Rheumatology criteria for adult fibromyalgia at follow-up. Patients with JFM were more likely than control subjects to be married and less likely to obtain a college education.
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Chronic widespread musculoskeletal pain in childhood is common, affecting 6% to 7% of school-aged children, [1] [2] [3] [4] and often encountered in pediatric primary care. [5] [6] [7] For a subset of patients, usually adolescent females, symptoms initially viewed by physicians and parents as temporary "growing pains" may be persistent (beyond 3 months), accompanied by headaches, fatigue, and sleep difficulties, and be medically unexplained. Furthermore, high levels of physical impairment, school absences, and emotional distress are reported, [8] [9] [10] [11] often prompting families to seek medical attention. Such patients may be referred to numerous pediatric specialists (eg, neurology, gastroenterology, rheumatology, pain medicine) before symptoms of juvenile-onset fibromyalgia (JFM) are finally identified. Until recently, there was little published research on JFM (also known as juvenile primary fibromyalgia syndrome). Despite some continuing debate, 12 JFM is now increasingly recognized as a pain syndrome (such as pediatric migraine, functional abdominal pain), and more is known about its proper diagnosis and management. [13] [14] [15] [16] Although some progress has been made in the recognition and treatment of JFM, very little is known about long-term prognosis. Physicians often reassure their patients (with little scientific evidence) that they will likely "outgrow" symptoms. This outcome may be the case for nontreatment-seeking or less severely affected patients, 17, 18 but some studies have documented that JFM is indeed a chronic condition for a majority of adolescents who seek medical care. [19] [20] [21] There are relatively few prospective studies of adolescent patients with JFM; previous studies were limited by small sample sizes (N # 50), and they usually assessed only physical symptoms at 1-to 3-year follow-up. 19, 21 One published study, based on a subsample of our current study, included a healthy comparison group and assessed both physical and emotional functioning in late adolescence (∼4-year follow-up). 20 To the best of our knowledge, no studies have thus far comprehensively examined long-term physical and psychosocial functioning, health care use, and educational/vocational outcomes as adolescents with JFM transition into young adulthood. Pediatric primary care providers and specialists are therefore unable to provide adequate patient education regarding planning for medical care and psychosocial support as these patients begin to make the crucial life decisions typical of early adulthood (eg, establishing independence from their families, planning for college). The objectives of the current long-term study of 94 adolescent JFM patients (and a smaller cohort of healthy control subjects [matched for age and gender]) were to: (1) determine the prognosis of JFM by assessing the proportion of patients who met criteria for adult fibromyalgia (FM) in their early adult years; (2) examine pain characteristics, physical functioning, mood symptoms, health care utilization, and living circumstances (education, vocation, marital status, sources of financial support, and living situation) of the JFM group compared with control subjects at follow-up; and (3) compare those with FM, those who have subclinical FM (sc-FM) symptoms, and healthy control subjects on pain, physical, and psychological functioning. On the basis of our previous research, 20 we hypothesized that the majority of the JFM group (.70%) would continue to have fibromyalgia symptoms at followup. In addition, we anticipated that the JFM group would have significantly higher levels of physical and psychological impairment than healthy control subjects at follow-up, and that the most severely affected (active FM group) would have the highest levels of impairment.
METHODS

Participants
For this study, we re-contacted 144 participants (100 patients previously diagnosed with JFM by a pediatric rheumatologist and 44 healthy control subjects) who were enrolled in our earlier studies investigating psychological treatments for and psychosocial factors related to JFM from 2002 to 2010. 15, 22, 23 Inclusion criteria for JFM patients at initial enrollment included: (1) age 11 to 18 years; (2) diagnosis of primary JFM according to the criteria of Yunus and Masi 24 ; and (3) no underlying rheumatologic conditions (eg, systemic lupus erythematosus, juvenile idiopathic arthritis). A smaller cohort of healthy control subjects was originally recruited as part of a substudy of peer relationships in JFM and were selected from classroom rosters of JFM patients; they were matched based on closest birth date, age, gender, and having no chronic illness. 22 We have continued to follow up this group of matched contemporaneous control subjects because they serve as a useful normative reference point for comparing developmental milestones, such as going to college and getting married. Criteria for inclusion in this follow-up study were that individuals were enrolled in 1 of our previous studies based on the aforementioned inclusion criteria and they were at least 19 years old.
Procedure
Participants were contacted by telephone to obtain verbal consent, and if they agreed, signed informed consent was obtained by mail. Participants received a unique login code and password to access a secure Web site to complete study questionnaires.
Thereafter, an in-person visit was scheduled for a trained examiner (postdoctoral fellow) to administer the tender-point examination. Retention in this long-term study was maximized by requesting contact information for 2 family members/ close friends to reach the participant in case they moved and permission to contact these individuals if needed; an annual newsletter to enhance engagement; minimally burdensome assessments (Webbased surveys and home visits); and modest incentives (gift cards) for participation. This study was approved by the Cincinnati Children' s Hospital Medical Center institutional review board and conducted in accordance with current ethical standards for human subject research.
Measures
Background and Demographic Characteristics
Demographic information, including information about marital status, educational, and vocational background, was obtained, as well as current living situation and sources of financial support.
Pain Intensity, Pain Locations, and Symptom Severity An 11-point numeric rating scale based on the Brief Pain Inventory 25, 26 was used to obtain ratings of average pain intensity (in the past week) (0 = "no pain" to 10 = "pain as bad as you can imagine"). Participants also reported whether they had experienced pain over the past 3 months. The Widespread Pain Index (WPI) and symptom severity (SS) scale 27 adapted for self-report were completed by patients to gather comprehensive information about fibromyalgia symptoms at follow-up. On the WPI, participants indicated up to 19 body areas in which they experienced pain during the past week. Higher scores represent a greater number of pain locations (range: 0-19). The SS scale assesses cardinal (eg, fatigue, waking unrefreshed, cognitive symptoms) and other somatic (eg, dizziness, numbness, irritable bowel, nausea) symptoms associated with FM. The severity of each cardinal FM symptom was rated by participants on a 4-point Likert scale. Participants then endorsed (on a checklist) whether they experienced 40 somatic items within the previous week. Based on the number of symptoms endorsed, the following ratings were assigned: 0 = no symptoms, 1 = few symptoms, 2 = moderate symptoms, or 3 = great deal of symptoms. The SS score comprises the sum of the 3 cardinal symptoms with the rating of somatic symptom severity (final range: 0-12).
Tender-Point Examination
At the in-person visit, a trained psychology pain research fellow administered a standard tender-point examination by using manual thumb palpation of 18 predefined body sites to determine the number of painful sites (pain in 11 of 18 sites is required for a classification of FM). 1, 28, 29 Fellows were trained in conducting standardized tender-point assessments by a senior fibromyalgia researcher (Dr Arnold) on the team, and their accuracy was confirmed by reliability checks with the study rheumatologist (Dr Ting).
Determination of FM Status
The most stringent criteria were used, including both American College of Rheumatology 1990 and 2010 suggested criteria, 27, 29 to determine whether participants met criteria for adult FM at follow-up. Patients were considered to have FM if they had: (1) WPI score $7 and SS score $5, or WPI score of 3 to 6 and SS score $9; (2) symptom duration of at least 3 months; (3) no underlying medical condition that would otherwise explain the pain; and (4) reported pain in 11 of 18 tender points. They were classified as having sc-FM symptoms if they continued to experience pain and $1 of the cardinal symptoms (fatigue, sleep difficulty, and cognitive symptoms) but did not meet the full criteria for FM described earlier. Patients were considered "pain free" if they reported no pain and were not using any FM medication.
Physical Function and Perceived Health Status
The 36-item Short-Form Health Survey, version 2, 30 was used to evaluate impairment in physical function (physical function subscale) and all other domains of perceived health status (including general health, social, emotional functioning, and role functioning). This survey is a self-report instrument designed for individuals $14 years of age that is frequently used to assess pain-related disability in adult patients with FM. 31 Scores were transformed according to norm-based scoring (mean 6 SD t score: 50 6 10), with lower scores reflecting poorer functioning.
Anxiety and Depressive Symptoms
The Beck Anxiety Inventory and the Beck Depression Inventory (second revision) are well-validated, brief, self-report instruments used to assess mood in older adolescents and adults. 32, 33 Participants were asked to rate the severity of each mood symptom on a 4-point Likert scale. Higher scores on each instrument reflect greater symptom severity (range: 0-63).
Health Care Utilization
Participants reported their use of health care services in the past 3 months on a questionnaire modified from our previous research. 34 Items included the number of outpatient visits (primary care, specialty care, and counselor/psychologist visits) and emergency department visits within the past year.
Analytic Plan
All data were entered and analyzed by using SPSS version 20 (IBM SPSS Statistics, IBM Corporation, Armonk, NY). First, descriptive data on demographic characteristics, physical and psychological symptoms, medication usage, and health care utilization were computed separately for the JFM group (n = 94) and healthy control subjects (n = 33). These groups were then compared by using independent-samples t tests for all continuous outcome variables. Effect sizes (Cohen' s d) and confidence intervals were computed for group differences.
Using the criteria listed for FM diagnosis described earlier, the JFM group was then further divided into 2 groups: (1) those who met active criteria for adult FM (FM group); and (2) those who had subclinical symptoms (sc-FM group) or were pain free. The subclinical and the pain-free group were combined because there were very few pain-free individuals (n = 14), and the majority of these reported continued sleep difficulty and/or cognitive symptoms. The FM group and the sc-FM group were then compared with healthy control subjects by using analysis of variance models.
Missing data (7% missing American College of Rheumatology thumb palpation) were handled via multiple imputation with auxiliary correlates. 35, 36 Due to the multiple comparisons in this study, a number of adjustments were made to control for spurious findings. For 1-way analysis of variance models, the least significant difference post hoc mean comparison technique was used to best control for per-comparison type I errors. If the assumption of homogeneity of independent variable group variances was not met, the GamesHowell post hoc mean comparison technique was used. [37] [38] [39] To address the additional concern of possible family-wise type I error inflation based on several statistical tests performed on data from the same dataset, the false discovery rate was used; this rate has also been shown to best control type I errors without negatively affecting statistical power. 40 
RESULTS
Sample Characteristics
Of the 144 participants in the original cohort, 127 completed the follow-up study (88.2% retention; 94 JFM patients and 33 healthy control subjects). Retention in the JFM group was higher (94%) than in the healthy control group (75%). There were no significant differences between participants and dropouts based on age or baseline socioeconomic status, pain, or depressive symptoms. The mean duration of time elapsed from initial assessment to follow-up was 5.9 years. The mean age of the cohort at initial assessment was 15.1 6 1.7 years and at follow-up was 21.6 6 1.9 years. The majority of participants were female (95.6%) and white (86.7%), with no significant age and gender differences between JFM and healthy control subjects. The JFM patients reported that their symptoms began at a mean age of 12.7 6 2.6 years. Of the 94 patients with JFM, 48 (51.1%) met the criteria for FM at follow-up. The remaining patients (n = 32 [34.0%]) reported subclinical symptoms, and only 14 participants (14.9%) were pain free but continued to experience sleep or cognitive difficulties (Fig 1) . Of note, 1 healthy control subject was diagnosed with FM at follow-up; this participant was retained in the control group for analyses.
Comparisons Between JFM Sample and Healthy Control Subjects
Pain, Physical Impairment, and Emotional Functioning
Mean pain levels were significantly higher in the JFM group compared with the healthy control subjects ( (Figs 2 and 3 ).
Health Care Utilization and Medications
Patients in the JFM group had significantly more outpatient visits, emergency department visits, and used more medications compared with control subjects (Table 1 ). The most commonly used medications by JFM patients were those used to treat FM and related symptoms and included antidepressants, pain medications, and anticonvulsants.
Marital Status, Living Situation, and Financial Support
Patients with JFM were more than twice as likely to be married, separated, or divorced compared with healthy control subjects and also more than twice as likely to have $1 child ( Table 2) . Consistent with the higher rates of marriage in the JFM group, they were more likely to live with a spouse/ significant other than in a dormitory or with roommates. A greater proportion of The mean norm-based t score was 50 6 10.
FIGURE 2
Proportion of study subjects with minimal, mild, moderate, and severe anxiety.
healthy control subjects were enrolled in or had completed college (75.8%) than JFM patients (61.7%).
Comparisons Between the FM Group, the sc-FM Group, and Control Subjects Within the sample of JFM patients, the FM group had significantly higher pain intensity and number of pain locations, poorer physical functioning, and greater anxiety and depressive symptoms compared with the sc-FM group (Table 3) . However, there were no significant differences between the FM and sc-FM groups in terms of outpatient visits, emergency department visits, or medication use (Table 4 ). Healthy control subjects had significantly less pain and emotional symptoms, physical impairment, and health care use compared with both the FM and the sc-FM groups.
DISCUSSION
The current study is the largest prospective longitudinal study of JFM patients to date, allowing for the first time an in-depth understanding of physical, psychological, and social/ vocational outcomes in young adulthood. We found that the majority of adolescent patients (.80%) with JFM seen in a pediatric specialty care setting continued to report persistent pain and other FM symptoms as they transitioned into young adulthood (ie, in their early 20s). Moreover, one-half of these patients met the full criteria for FM at follow-up, and these patients were the most impaired in all domains. These findings signify that persistent widespread musculoskeletal pain in childhood and adolescence lasting .3 months and requiring medical attention may signal the onset of a chronic pain disorder and should be taken seriously. Furthermore, the impact of JFM seems to persist into early adulthood and is associated with significant impairment in physical functioning, lower perceived health status, and higher health care utilization compared with age-matched healthy peers.
Results of this study are consistent with the findings of recent longitudinal studies in adults with FM 41, 42 that show continuing FM symptoms and a fluctuating course, with improvement in some patients (similar to our sc-FM group). With regard to health care use, the JFM group reported a mean of 11.5 outpatient visits annually, 0.8 emergency visit, and 1.4 medications, which was significantly higher than control subjects but not as high as reported for older adult patients with FM (mean age: 50.4 years) who reported a mean of 20.3 outpatient visits
FIGURE 3
Proportion of study subjects with minimal, mild, moderate, and severe depressive symptoms. Emotional distress (anxiety and depressive symptoms) was markedly elevated in the JFM group, with mean scores more than twice as high compared with control subjects. Perhaps not surprisingly, those who had active FM at follow-up had significantly more mood difficulties and physical impairment than those in the sc-FM group. Although the active FM group fared the poorest overall in terms of their physical and psychological functioning, results for the sc-FM group indicated that a negative physical and psychosocial impact of JFM was seen even for those with relatively fewer symptoms in adulthood.
In addition to the findings regarding persistent problems with physical functioning and mood difficulties, this is the first study to document emerging differences in marital and educational/ a Per-comparison type I error was controlled with the appropriate post hoc follow-up test (least significant difference was used if homogeneity of variance was met; otherwise, the Games-Howell post hoc mean comparison technique was used). Family-wise type I error was controlled by using the false discovery rate.
the impact of JFM and allow patients to engage in their everyday lives without debilitating effects. Much progress has been made over the last decade in the proper management of JFM. There is good evidence that cognitivebehavioral therapy focused on coping skills training, in addition to usual medical care, is a safe and effective intervention foradolescentswith JFM. 14, 15 Exercise-based treatments are also beneficial, 49 and pharmacologic trials testing the safety and efficacy of medications approved by the US Food and Drug Administration for adult FM in pediatric patients with JFM are underway (clinicaltrials.gov identifiers: pregabalin, NCT 01020474; duloxetine, NCT 01237587). These developments will undoubtedly enhance the treatment options currently available for adolescents with JFM.
CONCLUSIONS
This study highlights the chronic course of JFM for many adolescents who seek medical care for this chronic pain condition, and the functional, emotional, and social effects that can persist into adulthood. It also sheds more light on the variability in how JFM symptoms affect youth and underscores the need for greater study into early risk and resilience factors that might explain why some patients with JFM do better or worse than others during the crucial transition from adolescence to adulthood. Such research is critical to providing targeted, effective, and early treatment to youth affected by this chronic pain disorder.
